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INDIVIDUAL XELL REPORT 
FROM THE PROGELiL"f ON 

CHARXTERIZATION .AND .mALYSIS OF 
DEVONLtU SULES AS RELATED TO 

RELEASE OF GASEOUS HYDROCARBONS 

WELL T-l EFFIXHAM COUNTY, ILLINOIS 

R. S. Kalyoncu, J. P. Boyer, 
and M. J. Snyder 

IXTRODUCTION AND SUMMARY 

Partial data on characterization of shales from T-l (Effingham / 

County, Illinois) were presented in the Fifth Quarterly Technical Progress 

Report on the Characterization of Devonian Shales to DOE/METC (ORO-5205). 

This individual well report presents and discusses the total characterization 

data on the T-l cJel1. . 

Coring of T-l shales was accomplished in February.1977. X total 
of 31 core samples Tere collected; 13 for Battelie and 18 for other DOE 

contractors. The coring was made between depths o‘f 3006 and 3106 feet. 

Gas analysis data show a striking difference from other wells in that 

nitrogen-to-oxygen ratios remain at values comparable to that of air. 

Tl' ,-s observation may have an important bearing on the possible microbial 

activity in the shale, or lack of it. 

Totai carbon contents in the shale is higher than gas analysis 

might otherwise indicate. One-to-one relationships between hydrocarbon gas 

contents and chemical analysis are apparent. 

Among the physical characterization data reported are densities 

(bulk and true), surface area, and porosities (both measured with Hg-intrusion 

technique and calculated from the density data). Bulk densities are inversely 

related to carbon and hydrogen contents. 

Lithology of T-1 shales does not significantly differ from those of 

other locations. These shaids exhibit moderate iiii:e contents with deteczayble 

amounts of kaolin minerals. Total carbonate is very low with shortiz2 32i3ig 
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the only significant carbonate mineral. Although no pyrite was observed 
with ‘XXD studies appreciable amounts of pyrite grains were observed in 

the powdered samples under the petrographic microscope. 

. 
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OBJECTIVE AXD SCOPE 

The objective of this program is to determine the relationships 

between shale characteristic, hydrocarbon gas content, and well location 

to provide a sound basis for defining the productive capacity of the 

Eastern Devonian shale deposits and for guiding research, development, 

and demonstration projects to enhance the recovery of natural gas from 

the shale deposits. The program includes a number of elemental tasks as 

a part of the Resource Inventory and Shale Characterization subprojects 

of DOE's Eastern Gas Shales Project and is designed to provide a wide 

variety of support data for that project. 

A large number of core samples of gas bearing Eastern Devonian 

shale will have been examined by the end of the program. After the 

characterization data for individual wells have been comQil.ed, attempts 

will be made to establish the interrelationships between the shale characteristics, 

the hydrocarbon gas content, and well locations from which the samples were 

obtained, employing the Automatic Interaction Detection (AID) Analysis. 

The following tasks comprise the total efforts in this research 

program: 

Task Descriptive Title 

1 Core Sampling 

2 Gas Content and Gas Release Kinetics 

3 Chemical Characterization of Shall, 
4 Physical Characterization of Shale 

5 Lithology of Shale 

6 Data Interpretation and Correlation 

Task 1. Core Sampling 

Well T-1 (Effingham County, Illinois) shales -xere cored in 

February 1977. A total of 31 core sampies were collected; 13 for Battelle 

and 18 for other DOE contractors. Six barrels of shale core %ere obtained. 

The coring was made ber,een depths of 3006 and 3106 feet. Additional well 

and field sampling data on T-l shales are summarized in Tables i and 2. 

Figure 1 depicts on-surface times for the T-l shales. 

SATTELLE - COLUMEUS 



Task 2. Gas Contents and Release Rates 

The initial gas release data on T-l shales are summarized in 
, 

Table 3. Data include hydrocarbon gases, Cl through C5, nitrogen, oxygen 

and carbondioxide, all of which accumulate in the free space surrounding 

the shale samples inside the canisters. Table 4 shows statistical 

parameters on data in Table 3. 

The most significant feature of Table 3, other than low hydrocarbon 

gas content, is the very high oxygen content compared to all the other 

wells examined to-date.' It should be pointed out once again that a 

potential significance was attached to high nitrogen-to-oxygen ratios as 

determined by the gas analysis. 

There is sufficient evidence from the initial gas data to 

believe that oF]gen disappearance is more significant in the presence of 

higher hydrocarbon gas cantents. 

Possible elcplanations, such as preferential adsorption of oxygen, 

microbial activity, etc., were given for the disappearance of oxygen. 

The phenomenon/or phenomena giving rise to oxygen consumption in the sealed 

canisters may have potential significance in assessing the potential gas 

content of the Devonian shales in the present or in the future. This 

question should be addressed in detail. 

Task 3. Chemical CSaraczerization 

Total carbon, hydrogen, and ni:rogen values are summarized in 

Table 5. Carbon values are characterized by a large scatter, ranging from 

1.1 to 9.5 percent by weight of shale. The scatter in hydrogen values is not 

as great with values between 0.4 and 1.4 percent by weight of shale. 

Figures 3 and 4 demonstrate the change in carbon and hydrogen 

contents with shale depth. In both cases, ?ao distinct zones of increasing 

carbon (and hydrogen) contents with depth can be identified. X/C atomic 

ratios remain relatively constant as illustrated in Figure 5. An increase 

13 hydrocarbon gas concent with increasing carbon and hydrogen contents is 

quite apparent in Figures 6 and 7. 
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Task 4. Physical Characterization Data 

- 

f 

, _ 

Some of the physical characterization data determined are 

summarized in Table 6. These are bulk density, open and total porosiries, 

and surface areas. Statistical parameters on these data are presented in 

Table 7. The bulk density values range from 2.39 to 2.60 with a mean value 

of 2.49 g/cc. Total porosity values, calculated from the density data, 

vary from 1.0 tp 8.7 percent with a mean value of 4.64 percent. The 

surface areas ran'ge between 2.1 and 10.1 m2/g with 5.6 m2/g mean value. 

The porosities of T-1 shales were also measured employing the 

mercury intrusion technique. Values obtained with this method are presented 

in Table 8. The porosity data from two different means (calculated from 

the density data and measured with mer:ury intrusion technique) agree 

reasonably well. 

Helium permeability measurements were made on all T-l shale 

samples. Table 9 depicts the findings. Zero permeabilites were recorded 

after no measurable quanti.t:r of gas permeated through l/4-inch-tSick 

cylindrical shale specimens in i5 hours at 1 atmosphere pressure gradient. 

Several one-to-one correlations bet&een the buik densities and 

various other data are depicted in Figures 8 through 10. The inverse 

relationship bettjeen bulk density and chemical characterization data (carbon 

and hydrogen contents) are especially pronounced. 

Total mercury intrusion porosity data on T-l shales are presented 

in Appendix A. 

Task 5. Shale Lithology 

X-ray diffraction patterns were obtained of five T-l shale 

specimens. These shales exhibit moderate illite contents with detectable 

amounts of kaolin minerals. Large quartz contents are apparent. Shortite * 

is the major carbonate minerals but the total amount of carbonate minerals 

is minor. x0 pyrite has been observed in T-1 shales through X-ray diffraction 

analysis. Relative mineral analysis as determined from the XP.D data are 

summarized in Table 10. 
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SEWEDAX studies were made of two T-l shale samples. Both 

of the samples examined contain siginficant amounts of illite, quartz, and 

carbonate minerals. Also appreciable numbers of pyrite grains were observed 

in the powdered samples which went undetected in X-ray diffraction analysis. 

EDAX data on two samples and illite, pyrite, and quartz grains are summarized 

in Table 11. 

Figures I1 and 12 present SEH microphotographs of two T-l shales 

examined. 

Task 6. Data Interpretation and Correlation 

Due to very low gas contents in these shales no significant interpre- 

tation of the characterization data could be made in terms of hydrocarbon gas 

contents. 
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7.2.iKx a. ZSCVRY IXXTSION POROSITY KALL'ES 
FOR VELi, T-l 

Sequence 
Number 

Sample I. 0. 
Number 

Porosity, 
Percent 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

?I 
12 

13 

I.4 

. 

T-l-3012 3.25 

-3022 3.50 

-3043 3.25 

-3051 3.50 

-3056 3.75 

-3063 4.25 

-30673 4.50 

-3074 4.00 

-3080 4.00 

-30803 4.50 

-3086 4.50 

-30943 3.00 

-3099 3.25 

-31063 3.50 
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TABLE 9. PEX~ILiTY V.ALUES I?3 XLLIDARC? 

Sample I. I). 
Number 

Direction of Flow 
Relative to Perneabilities, 

Bedding Planes nd Comnen ts 

T-1-3012 vex. 0 

T -1-3043 vert. 0 

T-1-3051 

T-1-3056 

T-1-3063 

vert. 

vert . 

0 

1.8 x 10-7 

1.4 x 10'5 

T-1-3067 

T-1-307$ 

T-1-3080 

vert. 

vert. 

vert. 

T-1-3086 vert. 1.1 x 10-6 

T-l-3094 * vert. 4.6 x lO-6 

T-l- 3099 vert. 0 

vert . 

Surface r'iaCtILres 
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